Introduction
South African indigenous goats are disease tolerant and able to survive better on harsh conditions such as extreme temperatures and poor vegetation [1] . These goats are also known for being non-selective browsers [2] . It is hypothesized that these goats can be used for breeding programs to transfer their hardiness to diseases and performing under poor conditions and nutrition. It is, therefore, important to include South African indigenous bucks in breeding objectives during this time of climatic change and when animals are resistant to antibiotics to transfer the valuable genetic characteristics. However, these goats are under a threat of extinction, which is rare to find without a across bred, and very little information on their reproductive status is recognized. Therefore, endangered indigenous goats' genetic materials must be preserved by conservation methods. However, the first step for the creation of a sperm cryobank is the use of an effective method for the collection of the ejaculates. For domestic males, the artificial vagina (AV) procedure is the preferred method [3] [4] . Consequently, AV technique requires a preliminary training period [5] . Another method of semen collection is the electro-ejaculator (EE) that involves an alternative when males are not trained to AV or for wild species. It is also a viable method of repeatedly collecting ejaculates from individual specimen without causing death [6] . Each of these semen collection techniques has advantages and disadvantages.
The collection of semen using AV is considered humane compared with EE, because it is almost similar to natural service and is the most hygienic technique [5] . However, the AV technique requires training of the bucks in the presence of a doe on heat [7] in contrast to the EE technique. Advantages of each technique have been reported, but differing depending on the objectives and conditions for semen collection. Previous studies show that the EE technique resulted in higher sperm motility rates and semen volume compared with the AV technique [8] - [10] . In contrast, the AV resulted in higher sperm concentration and lower abnormal sperm than the EE [4] [9] [11] . According to [8] , the EE has been a preferred technique for semen collection compared with the AV, as it allows for semen collection from animals that reject the AV or animals with leg injuries which cannot mate. However, the EE technique has been described as a stressful technique indicated by different behavioural patterns such as vocalizing, struggling, lying down or the animal displaying strong muscular contractions [12] - [15] . Currently, the animal welfare has expressed anxiety concerning the use of the EE as a semen collection technique. However, indigenous male bucks are raised under extensive conditions and are more likely to reject the AV for semen collection, due to their limited contact with human beings. Therefore, the EE technique could be used as an alternative technique for semen collection under such conditions. Moreover, sperm cells characteristics of South African indigenous goats have not been assessed by computer aided sperm analysis (CASA). However, effects of semen collection technique can affect semen quality. Computer aided sperm analysis has been used and it has been reported to give objective and accurate results, and avoid technician errors compared with a subjective method [16] .
Computer-assisted semen analysis provides objective and reproducible data on a number of sperm motion parameters and it should enhance the value of motility assessment to fertility prognosis. In recent years, there has been an increase in the use of these systems to evaluate semen quality [17] [18] , resulting in high correlations among several CASA motility parameters and the in vivo fertility of sperm from different species in horses [19] , in boar [20] , and in bulls [21] . Marco-Jimenez et al. [8] documented that different physiological responses for attempted recovery were observed only when EE was used (80% efficiency versus 100% for AV). Moreover, [11] reported that sperm collected with AV was more resistant to cold shock than with EE. There is limited information comparing semen collection techniques on South African indigenous bucks. Therefore, the aim of this study was to compare semen collection techniques (AV or EE) effects on South African indigenous bucks' semen characteristics analysed by CASA.
Materials and Methods
The procedures for conducting this study were approved by the Animal Ethical Committee of the Agricultural Research Council, Animal Production Institute (APIEC2011/038) and Tshwane University of Technology (AREC2011/11/005).
Study Area
The study was conducted at the Agricultural Research Council Irene (small stock unit). The area is located at 25˚53'59.6'' South latitude and 28˚12'51.6'' East longitudes in Pretoria, South Africa. The area is situated in the Highveld, at an altitude of 1525 m above sea level. The weather conditions ranges from hot days and cool night in summer (17.5˚C to 32˚C) to moderate winter days with very cold nights (1˚C to 17˚C) [22] .
Animals and Management
Twenty South African indigenous bucks were selected for two semen collection techniques (artificial vagina and electro-ejaculator). However, eight South African indigenous bucks were used for semen collection during the natural breeding season (autumn, 2012). Twelve bucks were excluded from the trial due to the reason that they did not respond to training for semen collection for four weeks using the AV technique. All the experimental bucks were allocated into two treatment groups (AV: n = 4 and EE: n = 4) balanced with age (1 -2 years) and weight (25.0 -45.0 kg). The bucks grazed on kikuyu grass pastures and supplemented with lucerne and protein lick. Water was provided ad libitum throughout the experiment.
Semen Collection and Evaluation
Semen was collected from each group once a week for a period of six weeks during the natural breeding season (Autumn-February to April). For semen collection with AV, 10 bucks were trained for a period of 4 weeks in the presence of a doe showing heat before the onset of the study. Only four bucks responded, and were used for AV semen collection technique. For semen collection with EE, bucks were not trained for semen collection and the rectal probe of 3 -5 volts was inserted through the rectum for electric stimulation. Following semen collection with either of the two methods, semen samples were kept in a thermoflask at 37˚C and transported to the laboratory for evaluation within 1 hour after collection [23] . In the laboratory, semen samples were evaluated macroscopically for semen volume, pH and sperm concentration and microscopically for sperm motility, morphology and viability.
Macroscopic Semen Evaluation
Macroscopic semen evaluation included all evaluations performed with a naked eye such as semen colour, volume and pH.
1) Semen Volume
The semen collected using AV was measured by recording the value on graduated semen collecting tube before being transferred into the 15 mL graduated Falcon tube. The measurement of semen collected by means of EE was also measured by reading the value on 15 mL graduated Falcon tubes (Minitube ® , South Africa). All the semen samples were labelled and then placed in a thermoflask at 37˚C immediately after collection [23] .
2) Semen pH The semen pH was determined using a pH meter [(HANNA instruments ® , South Africa) (Pty) (Ltd.)] which was calibrated for bucks. The electrode was rinsed with sterile water and wiped with a sterile paper towel [(Transfarm ® , South Africa) (Pty) (Ltd.)] and then dipped into the semen sample for pH evaluation. Before the next semen sample was evaluated, the electrode was sprayed with 70% Ethanol [(Sigma-Aldrich, South Africa) (Pty) (Ltd.)]. The pH value of each semen sample was recorded.
Microscopic Semen Evaluation
Microscopic semen evaluation included all evaluations which can be performed with a microscope such as sperm concentration, motility, viability and morphology.
1) Sperm Concentration
The sperm concentration was determined using spectrophotometer (Jenway 6310, Bibby Scientific, England) using the following formula (Dilution factor (201) × [25.97 × (Absorbance) − 0.30] for buck sperm concentration. A total amount of 3 mL (2.9% of Sodium citrate) was placed in a microcuvette (HemoCue AB ® , Angelholm, Sweden) and calibrated using a spectrophotometer for 30 seconds. After calibration, Sodium citrate was removed from the spectrophotometer. Thereafter, 15 µL of fresh undiluted buck semen was pipetted into a microcuvette and then placed back in the spectrophotometer. The reading was recorded when the absorbance number stops. Thereafter, spectrophotometer formula was used to calculate the sperm concentration for all samples. The buck sperm concentration was recorded as (×10 6 sperm/mL).
2) Sperm Motility
Sperm motility was evaluated using a CASA system, Sperm Class Analyzer ® [SCA] 5.0 (Microscopic, S.L, Barcelona, Spain). The sperm washing solution (Brackett and Oliphant medium) was warmed to 37˚C on a warm plate before being added to each semen sample. A total of 500 µL of Brackett and Oliphant medium was diluted with 10 µL of each semen sample to perform sperm swim up technique according to Matshaba [23] . Thereafter, 5 µL of semen extended with Brackett and Oliphant medium was placed on a microscope slide (Thermo Scientific Menzelgläser, Germany) and covered with a microscope cover slip (22 × 22 mm, Menzelgläser, Germany) and evaluated at 0, 3, 24, 48 and 72 h under ×10 (Nikon, China) magnification of the CASA. The sperm motility characteristics (percentage of total, progressive, non-progressive static, slow, medium and rapid) were recorded and the Sperm Class Analyzer ® settings are shown in Table 1 .
3) Sperm Morphology
The microscopic evaluation of sperm morphology and viability is shown in Figure 1 . The sperm morphological abnormalities (sperm with coiled midpiece or looped tail, double headed or tail) were determined using eosin/nigrosin staining (Onderstepoort Faculty of Veterinary Sciences' Pharmacy, South Africa) [23] . Sperm morphology and viability were evaluated using eosin-nigrosin staining. The dilution rate for staining was 1:4 eosin-nigrosin (5 µL of raw semen and 20 µL eosin-nigrosin staining). The composition of eosin-nigrosin (eosin 1.67 g and sodium citrate 2.9 g dissolved in 100 mL of sterile water) (nigrosin 100 g/L and formalin [(SigmaAldrich, South Africa) (Pty) (Ltd.)] 5 mL/L dissolved in sterile water). The raw and fresh diluted semen samples were placed on the slide. The second slide was used to smear semen across the surface of the first slide and allowed to dry at room temperature for approximately 45 -60 min before evaluation. The slides were placed on a microscope table and a drop of immersion oil was placed on the slide to evaluate abnormal sperm using a fluorescent microscope (Olympus Corporation BX 51FT, Tokyo, Japan) under ×100 magnification at 0, 3, 24, 48 and 72 h.
4) Sperm Viability
Live normal and dead sperm were determined using eosin/nigrosin staining [23] . The dilution rate for staining was 1:4 eosin-nigrosin (5 µL of raw semen and 20 µL eosin-nigrosin staining). The second slide was used to smear semen across the surface of the first slide and allowed to dry at room temperature for approximately 45 -60 min before evaluation [23] . The slides were placed on a microscope table and a drop of immersion oil was placed on the slide to evaluate live normal or dead, sperm under a fluorescent microscope (Olympus Corporation BX 51FT, Tokyo, Japan) under ×100 magnification at 0, 3, 24, 48 and 72 h. The live normal sperm will fluorescent and dead sperm had brown or dark in colour as it absorbed eosin-nigrosin staining.
Statistical Analysis
Data collected from macroscopic and microscopic semen characteristics was analysed with analysis of variance (ANOVA) using Stata ® V12 statistical software to test the differences between the treatments. Treatment means were separated using Fisher's protected t-test at the significant level of P < 0.05. The data expressed as mean ± SD.
Results and Discussion
The semen characteristics following semen collection with the AV or EE are indicated in Table 2 . Semen collected with the EE had (P < 0.05) higher semen volume and total sperm motility compared to the AV technique. There were no significant differences on semen pH between the two semen collection techniques. However, the AV resulted in higher sperm concentration than the EE technique. The AV resulted in higher (P < 0.05) total and rapid sperm motility compared to the EE technique. The EE on the other hand had (P < 0.05) higher progressive, medium, slow and static sperm motility rates than AV technique. Table 3 is presenting the results comparing the two semen collection techniques on sperm morphology and Figure 1 depicts the stained buck sperm with eosin-nigrosin. The EE semen collection technique resulted in higher live and normal sperm than the AV. However, there were no significant differences observed between the semen collection techniques on sperm abnormalities (head, midpiece and tail). The EE resulted in higher (P < 0.05) live and normal sperm than the AV technique. The study clearly demonstrated that semen collection from indigenous bucks with EE resulted in higher semen volume as compared to AV technique. The findings are in line with the results reported by [22] who indicated that higher semen volume (1.77 ± 0.3 mL) was obtained from South African indigenous bucks when EE was used. However, these findings contradict to the results obtained by [24] [25] who reported lower semen volume of 0.8 ± 0.1 mL when similar goat breed was used during the breeding season. The differences in semen volume obtained might be due to age of bucks used in the two studies. From the present study, the buck age ranged from 1 to 2 years. While in the study of [26] , the semen was collected from 2 to 8 years. This observation clearly shows that semen volume of buck increases with age. The semen volume 0.5 ± 0.3 mL obtained when the AV was used is lower when compared with the results obtained by [20] (1.4 ± 0.2 mL), suggesting breed effect [27] . It must be emphasized that buck semen volume values obtained in this study are according to the acceptable ranges (0.7 to 2.2 mL) for EE and (0.5 to 1.0 mL) for buck semen collected with AV. The semen pH obtained in this study when using AV (7.2 ± 0.4) was in line with the results obtained by [23] (7.5 ± 0.2). This semen pH is also acceptable, as buck semen pH usually ranges from 7.0 to 7.8 [28] . However, the semen pH for the EE technique (6.9 ± 0.3) was slightly acidic and the results are comparable to the results obtained by [29] (6.7 ± 0.26) in West African Dwarf goat breed. The semen pH obtained by [25] (6.1 ± 0.2) was even more acidic suggesting that, the EE technique leads to acidic buck semen and this might have a negative impact on fertility. The acidic semen gives an indication of excessive accessory glands secretion due to electrical stimulation in the rectum of the buck [14] [26] [30] . The excessive accessory glands are responsible for the buffering capacity of semen [30] . Latif et al. [31] also reported that in an acidic pH environment, the motility of sperm is affected, probably due to a change in the metabolic activity and a disturbance in the cellular respiration of the sperm.
The sperm concentration (635.6 ± 111.7 × 10 6 sperm/mL) reported from this study was comparable to the results reported by [15] (681.7 ± 74.6 × 10 6 /mL) when the AV technique was used during the breeding season. Whereas, the sperm concentration obtained in this study when the EE (463.7 ± 156.0 × 10 6 sperm/mL) was used is higher when compared to several studies [23] [32] (126.5 ± 73.2 × 10 6 ; 115.9 ± 11.3 × 10 6 sperm/mL, respectively) with semen collected during the natural breeding season. These differences might be due to breed difference or methods used for sperm concentration evaluation.
The sperm motility obtained in the current study was 86.3% and this is in agreement with previous reports [8] [26] when the EE technique was used, but contradictory to the results obtained by [33] (69.4%). These differences emphasize the effect of breed and season of goat semen collection. However, the sperm motility (91.7%) obtained in this study for AV was significantly higher to the findings of [23] . The results of live normal sperm and abnormalities obtained in this study are similar to other studies [23] [27] . However, the best semen collection technique is AV because it yielded higher total sperm motility, rapid sperm movement and live normal sperm. Consequently, the bucks are raised under extensive conditions and are more likely to reject AV due to their limited contact with human beings.
Conclusion
The artificial vagina technique resulted in higher sperm concentration, motility and live normal sperm, compared with the electro ejaculator technique. The results of the present study suggested that the success of the conservation of South African indigenous goats' semen depended on the semen collection technique. Therefore, the AV seems to be the most suitable technique for collecting semen of the South African indigenous bucks, although the bucks are raised under extensive conditions and are more likely to reject AV due to their limited contact with humans.
